A dye reduction method for determining a definitive endpoint with agar dilution susceptibility testing has been developed. Bacterial 
The need to perform antimicrobial susceptibility tests on streptococcal isolates is becoming more imminent. A high prevalence of drugresistant pneumococci has been reported in various places, including Spain (5), Oklahoma (8) , and most recently the metropolitan Denver area (4) . The authors of the Denver study suggest that the observed increase in penicillin and chloramphenicol resistance rates may represent a trend, and they recommend screening all invasive pneumococcal isolates for these drugs. Reports of multiple aminoglycoside resistance among Streptococcus faecalis isolates (D. P. Ikeda, S. G. Anderson, and A. L. Barry, Program Abstr. Intersci. Conf. Antimicrob. Agents Chemother. 22nd, Miami Beach, Fla., abstr. no. 361, 1982) indicate the need for surveillance of gentamicin resistance in these isolates. Another indication for susceptibility tests is the occurrence of endocarditis in children due to penicillin-resistant viridans streptococci (6) .
Few conventional methods of antimicrobial susceptibility testing are both precise and reproducible when applied to streptococci. Not only do some streptococci have specific growth requirements, but growth itself on solid medium is often difficult to determine. In some cases, the technologist must decide whether the faint haze resulted from the inoculum or represents true bacterial growth.
Bartlett and Mazens (2) reported using a tetrazolium-phenazine methosulfate solution in a rapid modified broth dilution technique to determine the susceptibility patterns of staphylococci and several gram-negative enteric bacilli. Our study describes the results of using the tetrazolium indicator system to detect streptococcal growth with the agar dilution susceptibility test method. Relative to the conventional method, the dye technique yields more accurate and reproducible minimum inhibitory concentrations (MICs). The protocol involves little deviation from standard antimicrobial susceptibility test procedures and, although applied here for streptococci, could be used for less fastidious organisms as well. Susceptibility testing. The protocol for agar dilution susceptibility testing was that described by the National Committee for Clinical Laboratory Standards (7) . Antibiotics were added to Mueller-Hinton agar devoid of whole blood or blood components (Difco Laboratories, Detroit, Mich.) at concentrations routinely used in the laboratory, i.e., within the clinical range (see Table 2 ). Plates were stored at 4°C and used within 7 to 10 days. Streptococci from 24-h blood agar plates were inoculated into 10 ml of brain heart infusion broth containing 5% technologists were compared are shown in Table  3 . The values listed indicate the number of readings that varied from the most frequent of the four readings; e.g., the following sets of MICs for three different antibiotics, (1 1 1 5), (1 1 5 5), and (1 5 5 5 on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from when the dye was used (Table 3) . It should also be noted that Table 3 does not account for what may be termed major disagreements, i.e, when the four endpoints differed by more than one tested antibiotic concentration (e.g., 1 5 25 1). Eight such readings were recorded without the dye, whereas only one was noted when the dye was used. DISCUSSION A number of techniques employing the reduction of tetrazolium salts have been developed to measure microbial growth. In one study, Mueller-Hinton agar inoculated with gram-negative bacilli or Staphylococcus aureus strains and prepared by the standard Kirby-Bauer method was sprayed after 6 to 7 h of incubation with aqueous solutions of either 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide or INT (3). After 5 to 10 min, the zone edges were measured. Bartlett et al. (1) reported the acceleration of tetrazolium reduction by the addition of the intermediate electron carrier PMS. These authors later described a 3-to 4-h modified micro-broth dilution technique that used the INT-PMS indicator system (2). INT is reduced more rapidly by respiring cells than are other tetrazolium salts, but it is also more toxic when added to growing bacterial cultures. To avoid this inhibitory effect, Bartlett et al. added the indicator reagents after a 3-h incubation and reincubated the trays for 0.5 h.
The method described in this paper deviates from the conventional agar dilution technique in two ways. The first procedural modification was to incubate the test strain for 16 to 20 h in brain heart infusion broth containing 5% horse serum. Unlike common nonfastidious pathogens, streptococci frequently require more than 4 h to reach sufficient turbidity for susceptibility studies, even when grown in the presence of horse serum. This precludes testing certain streptococci with many of the so-called rapid susceptibility methods now available and may also explain why growth was always observed on control plates containing Mueller-Hinton agar without blood. The second procedural modification involved the addition of the tetrazolium solution. Color formation occurred more rapidly than that reported for other techniques in which the INT-PMS solution is used (2, 3) . With one exception, all spots on the control plates turned red 3 to 5 min after the addition of the dye; the one exception required 10 min for color formation. Dye added to the uninoculated medium or to a spot inoculated 1 h earlier failed to show color formation. If the plates were flooded and the excess dye solution was immediately poured off, colonies were occasionally disrupted and, in general, the endpoints were more difficult to read since the dye solution is a deep yellow color.
At the antibiotic concentrations tested, every tube MIC was consistent with the agar dilution MIC when the dye was used ( Table 2 ). The major discrepancies listed in Table 2 under erythromycin indicate that without the dye the agar dilution MICs were read as more resistant than they actually were, probably the result of interpreting the inoculum as growth. In contrast, with other antibiotics, very light growth was occasionally misread as the inoculum. Surprisingly, there was little difference in the number of discrepancies recorded for the enterococci, which usually grow well, and the slower-growing alpha-hemolytic streptococci. The relatively few discrepancies found with piperacillin may be explained by the fact that streptococci are inhibited by low concentrations of this agent. Although Table 2 lists what have been defined as major discrepancies, clinically any discrepancy is potentially significant in view of the antibiotic concentrations that were tested.
In summary, the dye reduction step improves the accuracy, as well as the reproducibility, of the conventional agar dilution technique when applied to streptococcal organisms. It is easy to perform and involves little deviation from standard antimicrobial susceptibility test procedures.
